Radiosensitization in multifraction schedules. II. Greater sensitization by 2-nitroimidazoles than by oxygen.
The objective of this study was to characterize the extent of and mechanisms involved in radiosensitization by 2-nitroimidazoles in multifraction schedules using low doses per fraction. For this purpose, contact-inhibited monolayers of C3H 10T1/2 cells were given 1.7 Gy every 12 h and plated 12 h after the last dose received to allow full repair of potentially lethal damage (PLD). Severe hypoxia was obtained by a 1-h gassing procedure at room temperature immediately before each irradiation. No toxicity occurred as a consequence of multiple exposures to 5 mM misonidazole (MISO) or SR 2508 (2508) during the deoxygenation procedure. Experimental conditions during the pregassing and irradiation (presence of drug and gas mixture) were appropriately manipulated to test for the different mechanisms of radiosensitization demonstrated by nitroimidazoles. A very low oxygen enhancement ratio (OER) results under these conditions (1.34). Exposure to 5 mM MISO or 2508 during the deoxygenation and irradiation of hypoxic cells resulted in greater radiosensitization than could be accounted for by oxygen-mimetic sensitization alone (MISO and 2508 enhancement ratios were greater than the OER). Pregassing cells with N2 in the presence of 5 mM drug sensitized cells which were subsequently irradiated under aerobic conditions (drug free), indicating the occurrence of the "preincubation effect" (which does not require hypoxia or the drug's presence during the irradiation). Thus, for the hypoxic irradiations, the preincubation effect could account for the greater sensitization by nitroimidazoles than by oxygen. The presence of 5 mM drug only during the irradiation of aerobic cells produced radiosensitization in both multifraction and single-dose experiments with delayed plating. This sensitization has been previously shown to involve reduced PLD repair. Finally, maximum radiosensitization occurred in the multifraction schedule when a transient period of hypoxia with drug preceded an aerobic irradiation with drug present, thus combining the benefits of both the preincubation effect and PLD repair inhibition. This work demonstrates the possibility that effects other than oxygen-mimetic radiosensitization could be largely responsible for the sensitization seen in multifraction schedules, particularly when the OER is already low and only transient periods of hypoxia occur.